Credit default swaps have become increasingly popular in recent years. Their purpose is to allow credit risks to be traded and managed in much the same way as market risks. In 1998, trading in credit default swaps was facilitated by standard documentation produced by the International Swaps and Derivatives Association.
A credit default swap (CDS) is a contract that provides insurance against the risk of a default by particular company. The company is known as the reference entity and a default by the company is known as a credit event. The buyer of the insurance obtains the right to sell a particular bond issued by the company for its par value when a credit event occurs. The bond is known as the reference obligation and the total par value of the bond that can be sold is known as the swap's notional principal.
The buyer of the CDS makes periodic payments to the seller until the end of the life of the CDS or until a credit event occurs. A credit event usually requires a final accrual payment by the buyer. The swap is then settled by either physical delivery or in cash.
If the terms of the swap require physical delivery, the swap buyer delivers the bonds to the seller in exchange for their par value. When there is cash settlement, the calculation agent polls dealers to determine the mid-market price, Q, of the reference obligation some specified number of days after the credit event. The cash settlement is then (100 − Q)% of the notional principal.
An example may help to illustrate how a typical deal is structured. Suppose that two parties enter into a five-year credit default swap on March 1, 2000. Assume that the notional principal is $100 million and the buyer agrees to pay 90 basis points annually for protection against default by the reference entity. If the reference entity does not default (that is, there is no credit event), the buyer receives no payoff and pays $900,000 on March 1 of each of the years 2001, 2002, 2003, 2004, and 2005 . If there is a credit event a substantial payoff is likely. Suppose that the buyer notifies the seller of a credit event on September 1, 2003 (half way through the fourth year). If the contract specifies physical settlement, the buyer has the right to sell $100 million par value of the reference obligation for $100 million. If the contract requires cash settlement, the calculation agent would poll dealers to determine the mid-market value of the reference obligation a predesignated number of days after the credit event. If the value of the reference obligation proved to be $35 per $100 of par value, the cash payoff would be $65 million. In the case of either physical or cash settlement, the buyer would be required to pay to the seller the amount of the annual payment accrued between March 1, 2003 and September 1, 2003 (approximately $450,000) , but no further payments would be required.
There are a number of variations on the standard credit default swap. In a binary credit default swap, the payoff in the event of a default is a specific dollar amount. In a basket credit default swap, a group of reference entities are specified and there is a payoff when the first of these reference entities defaults. In a contingent credit default swap, the payoff requires both a credit event and an additional trigger. The additional trigger might be a credit event with respect to another reference entity or a specified movement in some market variable. In a dynamic credit default swap, the notional amount determining the payoff is linked to the mark-to-market value of a portfolio of swaps.
In this paper we explain how a plain vanilla and binary credit default swap can be valued assuming no counterparty default risk. Like most other approaches, ours assumes that default probabilities, interest rates, and recovery rates are independent. Unfortunately, it does not seem to be possible to relax these assumptions without a considerably more complex model. However, we are able to reach some general conclusions about the impact of the assumptions on CDS valuations.
We test the sensitivity of our valuations to assumptions about the amount claimed in the event of a default and the expected recovery rate. We also test whether approximate no-arbitrage arguments give accurate valuations. In a later paper, Hull and White (2000) , we will explain how the analysis can be extended to cover situations where the payoff is contingent on default by multiple reference entities and situations where there is counterparty default risk.
Estimation of Default Probabilities
The valuation of a credit default swap requires estimates of the risk-neutral probability that the reference entity will default at different future times. The prices of bonds issued by the reference entity provide the main source of data for the estimation. If we assume that the only reason a corporate bond sells for less than a similar Treasury bond is the possibility of default, it follows that:
Value of Treasury Bond − Value of Corporate Bond = Present Value of Cost of Defaults By using this relationship to calculate the present value of the cost of defaults on a range of different bonds issued by the reference entity, and making an assumption about recovery rates, we can estimate the probability of the corporation defaulting at different future times.
1 If the reference entity has issued relatively few actively traded bonds, we can use bonds issued by another corporation that is considered to have the same risk of default as the reference entity. This is likely to be a corporation whose bonds have the same credit rating as those of the reference entity-and ideally a corporation in the same industry as the reference entity.
We start with a simple example. Suppose that a five-year zero-coupon Treasury bond with a face value of 100 yields 5% and a similar five-year zero-coupon bond issued by a There are two reasons why the calculations for extracting default probabilities from bond prices are, in practice, usually more complicated than this. First, the recovery rate is usually non-zero. Second, most corporate bonds are not zero-coupon bonds.
When the recovery rate is non-zero, it is necessary to make an assumption about the claim made by bondholders in the event of default. Jarrow and Turnbull (1995) and Hull and White (1995) assume that the claim equals the no-default of the bond. Duffie and Singleton (1997) assume that the claim is equal to the value of the bond immediately prior to default. As pointed out by J.P. Morgan (1999) and Jarrow and Turnbull (2000) , these assumptions do not correspond to the way bankruptcy laws work in most countries. The best assumption is that the claim made in the event of a default equals the face value of the bond plus accrued interest.
As mentioned earlier, the payoff from a CDS in the event of a default at time t is usually the face value of the reference obligation minus its market value just after time t.
Using the best claim amount assumption just mentioned, the market value of the reference obligation just after default is the recovery rate times the sum of its face value and accrued interest. This means that the payoff from a typical CDS is
where L is the notional principal, R is the recovery rate, and A(t) is the accrued interest on the reference obligation at time t as a percent of its face value.
A General Analysis Assuming Defaults at Discrete Times
We now present a general analysis that can be used in conjunction with alternative assumptions about the claim amount. We assume that we have chosen a set of N bonds that are either issued by the reference entity or issued by another corporation that is considered to have the same risk of default as the reference entity. 2 We assume that defaults can happen on any of the bond maturity dates. Later we generalize the analysis to allow defaults to occur on any date. Suppose that the maturity of the ith bond is t i with t 1 < t 2 < t 3 ... < t N . Define:
Price of the jth bond today G j : Price of the jth bond today if there were no probability of default (that is, the price of a Treasury bond promising the same cash flows as the jth bond).
Forward price of the jth bond for a forward contract maturing at time t assuming the bond is default-free (t < t j ) v(t): Present value of $1 received at time t with certainty C j (t): Claim made by holders of the jth bond if there is a default at time t (t < t j ) R j (t): Recovery rate for holders of the jth bond in the event of a default at time t (t < t j ) α ij : Present value of the loss, relative to the value the bond would have if there were no possibility of default, from a default on the jth bond at time t i p i : The risk-neutral probability of default at time t i
For ease of exposition, we first assume that interest rates are deterministic and that both recovery rates and claim amounts are known with certainty. We then explain how these assumptions can be relaxed.
Because interest rates are deterministic, the price at time t of the no-default value of 2 By the same risk of default we mean that the probability of default in any future time interval, as seen today, is the same. the jth bond is F j (t). If there is a default at time t, the bondholder makes a recovery at rate R j (t) on a claim of C j (t). It follows that
There is a probability, p i of the loss α ij being incurred. The total present value of the losses on the jth bond is, therefore, given by:
This equation allows the p's to be determined inductively:
Recovery Rate Assumption
These results have been produced on the assumption that interest rates are constant, recovery rates are known, and claim amounts are known. In what follows we will consider two assumptions about the claim amount. The first is that it equals the no-default value of the bond at the time of the default; the second is that it equals the face value plus accrued interest at the time of the default. It can be shown that, for either of these two assumptions, if a) default events, b) Treasury interest rates, and c) recovery rates are mutually independent, equations (2) and (3) are still true for stochastic interest rates, uncertain recovery rates, and uncertain default probabilities providing the recovery rate is set equal to its expected value in a risk-neutral world.
It is probably reasonable to assume that there is no systematic risk in recovery rates so that expected recovery rates observed in the real world are also expected recovery rates in the risk-neutral world. This allows the expected recovery rate to be estimated from historical data. Table 1 shows some estimates produced recently by Moody's.
3 As might be expected, the mean recovery rate is heavily dependent on the seniority of the bond.
As mentioned earlier, the N bonds used in the analysis are issued either by the ref-
erence entity or by another company that is considered to have the same risk of default as the reference entity. This means that the p i should be the same for all bonds. The recovery rates can in theory vary according to the bond and the default time. We will assume, for ease of exposition, that all the bonds have the same seniority in the event of default by the reference obligation and that the expected recovery rate is independent of time. The expected value of R j (t) is then independent of both j and t. We will denote this expected value byR.
Extension to Situation Where Defaults can Happen at any Time
The analysis used to derive equation (4) assumes that default can take place only on bond maturity dates. We now extend it to allow defaults at any time. Define q(t)∆t as the probability of default between times t and t + ∆t as seen at time zero. The variable q(t) is not the same as the hazard (default intensity) rate. The hazard rate, h(t), is defined so that h(t)∆t is the probability of default between times t and t + ∆t as seen at time t assuming no default between time zero and time t. The variables q(t) and h(t) are related by
Many credit risk models such as Duffie and Singleton (1997) , Jarrow and Turnbull (1995) ,
and Lando (1998) are formulated in terms of h(t). However, we find it convenient to express our results in terms of q(t) rather than h(t). We will refer to q(t) as the default probability density.
We assume that q(t) is constant and equal to q i for t i−1 < t < t i . 4 . Setting
a similar analysis to that used in deriving equation (4) gives:
The parameters β ij can be estimated using standard procedures, such as Simpson's rule, for evaluating a definite integral.
Claim Amounts and Value Additivity
We now present a numerical example and investigate the impact of different assumptions about the claim amount. As mentioned earlier, Jarrow and Turnbull (1995) and Hull and White (1995) assume that, in the event of a default, the bondholder claims the nodefault value of the bond. This is an attractive assumption. It implies that C j (t) = F j (t).
The parameter, β ij , is then proportional to 1 −R so that equation (6) can be used to estimate q i (1 −R) directly from observable market variables. Furthermore, an analysis of equation (6) shows that, in this case, the value of the coupon-bearing bond B j is the sum of the values of the underlying zero-coupon bonds. This property is referred to as value additivity. It implies that it is theoretically correct to calculate zero curves for different rating categories (AAA, AA, A, BBB, etc) from actively traded bonds and use them for pricing less actively traded bonds.
As mentioned earlier, the best assumption is that C j (t) equals the face value of bond j plus accrued interest at time t. As pointed out by Jarrow and Turnbull (2000) , value additivity does not apply when this assumption is made (except in the special case where the recovery rate is zero). This means that there is no zero-coupon yield curve that can be used to price corporate bonds exactly for a given set of assumptions about default probabilities and expected recovery rates. Table 2 provides hypothetical data on six bonds issued by a reference entity. The bonds have maturities ranging from one to ten years and the spreads of their yields over
Treasury yields are typical of those for BBB-rated bonds. The coupons are assumed to be paid semiannually, the Treasury zero curve is assumed to be flat at 5% (semiannually compounded), and the expected recovery rate is assumed to be 30%. Table 3 calculates the default probability densities for the two alternative assumptions about the claim amount.
It can be seen that the two assumptions give similar results. This is usually the case. For the default probability densities to be markedly different, it would be necessary for the coupons on the bonds to be either very much greater or very much less than the risk-free rate.
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Expected Recovery Rates and Bond Yields Default probability densities must be greater than zero. From equation (6) this means that
It is also true that the cumulative probability of default must be less than 1. This means
so that from equation (6)
Equations (7) and (8) impose both an upper and lower bound on the yield on the bond maturing at time t j once expected recovery rates and the yields on bonds maturing at earlier times have been specified. In the example in Table 2 , when the expected recovery rate is 30%, a 20-year bond with a coupon of 7% must have a yield between 6.50% and 9.57% when the claim amount equals the face value plus accrued interest.
In general, we can use equations (7) and (8) to test whether a set of bond yields are consistent with the recovery rate assumption. Inconsistencies indicate that either the expected recovery rate assumption is wrong or bonds are mispriced.
The Valuation
We now move on to consider the valuation of a plain vanilla credit default swap with a $1 notional principal. We assume that default events, Treasury interest rates, and recovery rates are mutually independent. We also assume that the claim in the event of default is the face value plus accrued interest. Define T : Life of credit default swap q(t): Risk-neutral default probability density at time t R: Expected recovery rate on the reference obligation in a risk-neutral world. As indicated in the previous section, this is assumed to be independent of the time of the default and the same as the recovery rate on the bonds used to calculate q(t). The value of π is one minus the probability that a credit event will occur by time T .
It can be calculated from q(t):
The payments last until a credit event or until time T , whichever is sooner. If a default occurs at time t (t < T ), the present value of the payments is w[u(t) + e(t)]. If there is no default prior to time T , the present value of the payments is wu(T ). The expected present value of the payments is, therefore:
Given our assumption about the claim amount, equation (1) shows that the risk-neutral expected payoff from the CDS is
The present value of the expected payoff from the CDS is
and the value of the credit default swap to the buyer is the present value of the expected payoff minus the present value of the payments made by the buyer or
The CDS spread, s, is the value of w that makes this expression zero:
The variable s is referred to as the credit default swap spread or CDS spread. It is the total of the payments per year, as a percent of the notional principal, for a newly issued credit default swap. Consider the data in Table 2 and suppose that the reference obligation is a five-year bond paying a semiannual coupon of 10% per annum withR = 0.3. Equation (9) gives the value of s for a five-year credit default swap with semiannual payments to be 1.944%. This is an annualized spread because of the way w is defined. Payments equal to 0.972% of the CDS notional principal would be required every six months.
Approximate No-Arbitrage Arguments
There is an approximate no-arbitrage argument that can be used to understand the determinants of s. If an investor forms a portfolio of a T -year par yield bond issued by the reference entity and the credit default swap, the investor has eliminated most of the risks associated with default on the bond. If y is the yield to maturity on the bond, the investor's net annual return is (at least, approximately) y − s. In the absence of arbitrage opportunities this should be (again, approximately) the T -year Treasury par yield, which we will denote by x. If y − s is significantly higher than x, an arbitrageur will find it profitable to buy a T -year par yield bond issued by the reference entity, buy the credit default swap, and short a T -year par yield Treasury bond. If y − s is significantly less than x, an arbitrageur will find it profitable to short a T -year par yield bond issued by the reference entity, sell the credit default swap, and buy a T -year Treasury par yield bond.
The argument just given suggests that s should equal y − x. However, a close analysis of it shows that the arbitrage is less than perfect. Define:
The accrued interest as a percent of the face value at time t on a T -year par yield bond that is issued at time zero by the reference entity with the same payment dates as the swap. We will refer to this bond as the underlying par yield corporate bond.
R: Realized recovery rate when a default happens
We first consider the situation where the Treasury curve is flat and interest rates are constant. In this case the CDS spread is exactly s * for a credit default swap where the payoff in the event of a credit event at time t is L[1 + A * (t)](1 − R). To see this, consider the position of an investor who buys both the credit default swap and an amount of the underlying corporate par yield bond with a face value of L when the spread is s * . Using the notation above, s * is the corporate par yield, y, minus the Treasury rate, x. The investor receives exactly the same cash flows as those from a Treasury par yield bond until either time T or a credit event, whichever is earlier. If a credit event occurs at time t (0 < t < T ), the investor has to make an accrual payment at time t so that the net payoff from the CDS is
where as before t * is the payment date immediately prior to time t. Because A * (t) = y(t − t * ), this reduces to
The corporate bond holding is worth LR[1 + A * (t)] so that the net value of the holding is We will refer to a CDS that provides a payoff of [1 + A * (t)](1 − R) as an idealized credit default swap. Our analysis shows that the spread on such a CDS is exactly s * .
In practice, the payoff from a credit default swap is usually 1 − R − A(t)R rather than
. This leads to s * overestimating the true spread, s.
Continuing for a moment with the assumption that the Treasury curve is flat and interest rates are constant, we can correct for the difference between the payoff on the idealized CDS and the actual CDS. An analysis similar to that leading up to equation (9) shows that the spread for an idealized credit default swap is given by
An approximation to this is
where a * is the average value of A * (t) for 0 ≤ t ≤ T . Similarly, from equation (9), an approximation to the actual CDS spread is
where a is the average value of A(t) for 0 ≤ t ≤ T .
From equations (9) and (10)
As an illustration of equation (12), consider the data in Table 2 and assume, as before, that the coupon on the reference obligation is 10%. (We will refer to this as Case A; see Table 4 .) The five-year par yield for bonds issued by the reference entity is 7%. The five-year Treasury par yield is 5%. It follows that, for a five-year credit default swap with semiannual payments, s * is 2.00%. The coupon paid every six months on a par yield bond issued by the reference entity is 3.5 per 100 of principal so that a * = 0.0175. Also a = 0.025 andR = 0.3 so that equation (12) gives s = 1.945%. This is very close to the 1.944% estimate reported earlier from using equation (9).
Equation (12) assumes a flat Treasury yield curve and constant interest rates. Stochastic interest rates make the no-arbitrage argument for the idealized CDS less than perfect, but do not affect valuations given our assumption that interest rates, default probabilities, and recovery rates are independent. However, the no-arbitrage argument for the idealized CDS swap requires a flat yield curve so that a par yield Treasury bond is always worth its face value plus accrued interest at the time of a default. An upward sloping yield curve will lead to the par yield Treasury bond being worth less than the face value plus accrued interest on average. As a result s * underestimates the spread for the idealized CDS. Similarly a downward sloping yield curve leads to s * overestimating the spread on the idealized CDS.
As pointed out by Duffie (1999) , we can deal with non-flat Treasury curves by considering par yield floating-rate bonds rather than par yield fixed-rate bonds. Define a
Treasury par floater as a floating-rate bond where the interest rate is reset on each payment date of the credit default swap, and a par floater issued by the reference entity as a similar floating-rate bond that promises a prespecified spread above the Treasury par floater for the life of the credit default swap. If the payoff from the credit default swap is
where A * (t) is here defined as the accrual on the par floater issued by the reference entity, the arbitrage arguments are watertight and the CDS spread should exactly equal the spread of the reference entity floater over the Treasury floater.
In practice we rarely get the opportunity to observe the spreads on corporate par yield floaters. Credit default swaps must be evaluated from the yields on fixed rate bonds issued by the reference entity. The difference between the spread on par yield floaters and par yield fixed rate instruments is very small for flat term structures, but noticeable for non-flat term structures. As an extreme test of the effect of a non-flat term structure we changed the flat Treasury curve in Case A to a Treasury curve where the 1-, 2-, 3-, 4-, and 5-year par yields were 1%, 2%, 3%, 4%, and 5%, respectively. (We will refer to this as Case B; see Table 4 .) Everything else, including the spreads between par yields on Treasuries and yields on bonds issued by the reference entity was maintained as in Case A. As a result, the five-year par yield for bonds issued by the reference was still 7% and s * was still 2.00%. However, the value of s given by equation (9) increased from 1.944% to 2.071%.
We also rarely get the chance to observe corporate bonds that are selling for exactly their par value. Assuming that the yield on a non-par-yield bond is the same as the yield on a par yield bond introduces some error. We tested this by changing the coupons on all bonds used to calculate default probabilities in Case A from 7% to 4% while keeping everything else (including the yield on the bonds) the same as in Case A. (We will refer to this as Case C; see Table 4 .) The value of s increased from 1.944 to 1.990. This change results entirely from the correct five year par yield being 7.048% rather than 7%. 6 For less creditworthy reference entities, the error from basing calculations on non-par-yield bonds can be much greater. Suppose Case A is changed so that the recovery rate is zero and the 1-, 2-, 3-, 4-, and 5-year yields on bonds issued by the reference entity are 10%, 20% 30%, 40%
and 50%, respectively. (We will refer to this as Case D; see Table 4 .) Assuming that the par yield is 50% and using equation (12) leads to an estimate of 40% for the value of s (s * = 45, a * = 0.125, a = 0.025, andR = 0). The correct value of s given by equation (9) is 29.98%.
This difference largely results from the correct par yield being about 38% rather than 50%.
Impact of Expected Recovery Rate on Pricing
The one parameter necessary for valuing a credit default swap that cannot be observed directly in the market is the expected recovery rate. We assume that the same recovery rate is used for estimating the default probability densities and for calculating the payoff.
As it happens there is an offset. As the expected recovery rate increases, estimates of the probability of default increase and payoffs decrease. The overall impact of the recovery rate assumption on the value of a credit default swap is generally fairly small when the expected recovery rate is in the 0% to 50% range. This is illustrated in Figure 1 , which shows the dependence of the five-year CDS spread on the expected recovery rate in Cases A, B, and C considered above. 7 In Case A the yield curve is flat and the par yield spread is 2%. The spread for an idealized CDS, s * , is always exactly 2%. The actual CDS spread is less than 2% and is a decreasing function of the expected recovery rate. When we move from Case A to the upward sloping yield curve in Case B, the CDS spread increases. The higher the expected recovery rate, the greater the impact of an upward sloping yield curve on the CDS spread. In Case C the coupon on the five year bond is less than the five-year par yield. This leads to the par yield being an increasing function of the expected recovery rate. As a result the CDS spread is also an increasing function of the expected recovery rate.
Binary Credit Default Swaps
A binary credit default swap is structured similarly to a regular credit default swap except that the payoff is a fixed dollar amount. A similar analysis to that given earlier shows that the value a binary CDS spread that provides a payoff of $1 in the event of a default is
This is quite heavily dependent on the expected recovery rate, as illustrated by Figure 2 .
The Independence Assumptions
The valuation approaches we have presented are based on the assumption that interest rates, default probabilities, and recovery rates are independent. These assumptions are unlikely to be perfectly true in practice. For example, it can be argued that high interest rates cause companies to experience financial difficulties and, as a result, default probabilities increase. Such a positive relation between interest rates and default probabilities has two effects. First, high default probabilities tend to be associated with high discount rates for the payoffs. This reduces the CDS spread. Second high default probabilities tend to be associated with relatively low market values for bonds issued by the reference entity.
This increases the CDS spread (because it increases the value of the buyer's right to sell the reference bond for its face value). It is reassuring that these effects act in opposite directions so there is a partial offset. Note that the relevant correlation for the first effect is between default rates at time t and the average short term interest rates between time zero and time t; the relevant correlation for the second effect is between interest rates at time t and medium to long rates at time t. As far as the second effect is concerned, the correlation is less than might be supposed because there are often significant time lags between the occurrence of high interest rates and the resultant defaults. Rate is reported to be -0.14. Moody's does provide some evidence that recovery rates are positively correlated with general economic conditions. This suggests that recovery rates may be negatively related to default probabilities-a phenomenon that increases CDS spreads. However, again we can reasonably hypothesize that the effect is small.
Application to Real Data
Up to now our illustrations of the methodology have been somewhat idealized. We now apply the approach to a real-world data. We consider the valuation of credit default swaps on Ashland Inc. at the close of trading on July 13, 2000. Ashland is a Fortune 500 company based in Kentucky with interests in chemicals, oil, car products, petroleum refining and retailing, and coal. The company had about 80 unsecured bonds outstanding on July 13, 2000. We did not have data on the volume of trading for the bonds and chose to base our analysis on quotes for a sample of eight of the bonds that had a wide range of maturities and relatively high issue sizes. Quotes for these bonds at the close of trading on July 13, 2000 are shown in Table 5 . All bonds in our sample are all rated BBB by S&P and Baa2 by Moody's. They contain no embedded options apart from a poison put.
Quotes for the benchmark Treasury bonds and Treasury bills at the close of trading on July 13, 2000 are shown in Table 6 .
We used a bootstrap procedure to calculate a Treasury zero curve from the data in Table 6 . We then estimated the default probabilities shown in Table 7 using the approach in Section 1. This in turn enabled us to use the approach in Section 2 to calculate CDS spreads for instruments with semiannual payments and a number of different maturities.
The reference obligation was assumed to have a coupon of 8% per annum paid semiannually.
From Table 1 we estimated the expected recovery rate to be 48.84%. To make the adjustment in (b), A * (t) was estimated by bootstrapping a zero curve for Ashland and using it to calculate par yields. This involved using the bootstrap method to calculate a zero curve for Ashland and using this to calculate the par yields. There is a very small approximation here because, as mentioned in Section 1, value additivity does not apply to corporate bonds. Table 8 shows that the approach in equation (12) works reasonably well. It provides a significant improvement over the naive approach of setting the CDS spread equal to the interpolated credit spread. The CDS spread estimate given by equation (12) is higher than the true CDS spread for the 20-year maturity because the long end of the Treasury yield curve is downward sloping.
Conclusions
The valuation of a credit default swap is a two step procedure. First bonds issued by the reference entity (or a company with the same risk of default as the reference entity) must be used to estimate the risk-neutral probability of the reference entity defaulting at different future times. The present value of the expected payments made by the buyer of the swap and the present value of the expected payoff must then be calculated.
The valuation requires estimates of the amount claimed by bondholders in the event of a default and the expected recovery rate. The most realistic assumption about the amount claimed in the event of a default is that it equals the face value of the bond plus accrued interest. The expected recovery rate must be estimated from empirical data. The valuation of a vanilla CDS is relatively insensitive to the expected recovery rate, but this is not so for a binary CDS.
A simple estimate of the T -year credit default swap spread is the yield on a T -year bond issued by the reference entity minus the T -year Treasury par yield. A small adjustment to the estimate, equation (12), should be made to reflect the way the payoffs on credit default swaps are calculated. The estimate is then reasonably accurate in many circumstances. However, there are errors when the Treasury zero curve is significantly non-flat and when rates are very high. (12) Case A All Treasury rates are 5%; spreads 1.944 1.945 and coupons on corporate bonds are as in Table 2 ; recovery rate is 30% Case B 1-, 2-, 3-, 4-, and 5-year Treasury 2.071 1.945 par yields are 1%, 2%, 3%, 4%, and 5% respectively; spreads on corporate bonds are as in Table 2 ; recovery rate is 30%
Case C All Treasury rates are 5%; spreads 1.990 1.945 on corporate bonds are as in Table 2 ; coupons on corporate bonds are 4%; recovery rate is 30%
Case D All Treasury rates are 5%; coupons 29.98 40.00 on corporate bonds are as in Table 2 ; yields on 1-, 2-, 3-, 4-, and 5-year corporate bonds are 10%, 20%, 30%, 40%, and 50%; recovery rate is 0% * Coupons are paid semiannually and all rates and yields are expressed with semiannual compounding. Table 2 Case B: Data as in Table 2 except that one-, two-, three-, four-, and five-year Treasury par yields are 1%, 2%, 3%, 4%, and 5%, respectively Case C: Data as in Table 2 except that the coupons on all bonds are 4% instead of 7% Table 2 Case B: Data as in Table 2 except that one-, two-, three-, four-, and five-year Treasury par yields are 1%, 2%, 3%, 4%, 5%, respectively Case C: Data as in Table 2 except that the coupons on all bonds are 4% instead of 7%
